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(57) ABSTRACT

A single focus wide-angle lens module includes a fixed aper-
ture diaphragm, a first lens, a second lens, a third lens and a
fourth lens arranged from an object side to an 1mage side 1n a
sequence of: the first lens, the diaphragm, the second lens, the
third lens and the fourth lens. The first lens has a concave
surface on the image side and at least one aspheric surface.
The second lens has a positive refractive power, a concave
surface on the object side and at least one aspheric surface.
The third lens has a meniscus shape, a negative refractive
power, a concave surface on the object side and at least one
aspheric surface. The fourth lens has a positive refractive
power, a convex surface on the object side and at least one
aspheric surface.
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SINGLE FOCUS WIDE-ANGLE LENS
MODULE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the field of optical lenses,
and more particularly to a small-sized four-piece single focus
lens module capable of capturing infrared rays.

2. Description of the Prior Art

As digital imaging technologies advances, present digital
carriers such as digital cameras and mobile phones tend to be
mimaturized. Thus the sensors such as CCD or CMOS are
also miniaturized.

Infrared condensing lens modules are used not only 1n the
photograph field, but also 1n the infrared capturing and detect-
ing field in recent years. Thus they are requested to provide
mimaturized structure with wider detecting angle.

Besides, the chief ray angle of the present wide-angle lens
modules 1s too big, and thus cannot satisiy the product instal-
lation requirements that the chief ray angle should approach O
degree.

Therelore, the present invention 1s arisen to obviate or at
least mitigate the above mentioned disadvantages.

SUMMARY OF THE INVENTION

The main object of the present mvention 1s to provide a
single focus wide-angle lens module with better focusing and
heat condensing performances.

Another object of the present invention 1s to provide a
four-piece single focus wide-angle lens module with bigger
detecting angle and optical properties.

Yet another object of the present invention 1s to provide a
single focus wide-angle lens module whose chief ray angle
approaches O degree.

To achieve the above and other objects, a single focus
wide-angle lens module of the present invention includes a
fixed aperture diaphragm, a first lens, a second lens, a third
lens and a fourth lens, arranged from an object side to an
image side 1 a sequence of: the first lens, the diaphragm, the
second lens, the third lens and the fourth lens.

The first lens has a concave surface on the image side and
at least one aspheric surface. The second lens has a positive
refractive power, a concave surface on the object side and at
least one aspheric surface. The third lens has a meniscus
shape, a negative refractive power, a concave surface on the
object side and at least one aspheric surface. The fourth lens
has a positive refractive power, a convex surface on the object
side and at least one aspheric surface.

Thereby, the detecting angle of the lens module 1s expected
to increase, and the chief ray angle of the lens module 1s
expected to approach O degree, thus meets the product instal-
lation requirements.

The present invention will become more obvious from the
following description when taken in connection with the
accompanying drawings, which show, for purpose of 1llustra-

tions only, the preferred embodiment(s) 1n accordance with
the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a schematic view showing an imaging lens mod-
ule 1 accordance with a first preferred embodiment of the
present invention;
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FIG. 1A 1s a schematic view showing the aberration of an
imaging lens module 1n accordance with a first preferred

embodiment of the present invention;

FIG. 1B 1s a schematic view showing the data of optical
teatures and aspheric surface coellicients of an 1imaging lens
module 1n accordance with a first preferred embodiment of
the present invention;

FIG. 1C 1s another schematic view showing the data of
optical features and aspheric surface coetlicients of an 1mag-
ing lens module 1n accordance with a first preferred embodi-
ment of the present invention;

FIG. 2 1s a schematic view showing an imaging lens mod-
ule 1n accordance with a second preferred embodiment of the
present invention;

FIG. 2A 1s a schematic view showing the aberration of an
imaging lens module 1n accordance with a second preferred
embodiment of the present invention;

FIG. 2B 1s a schematic view showing the data of optical
features and aspheric surface coellicients of an 1imaging lens
module 1n accordance with a second preferred embodiment of
the present invention.

FIG. 2C 1s another schematic view showing the data of
optical features and aspheric surface coellicients of an 1imag-
ing lens module 1n accordance with a second preferred
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PR.
EMBODIMENTS

(L]
By

ERRED

FIG. 1 and FIG. 2 show schematic views of lens modules 1n
accordance with the first and second preferred embodiments
of the present invention respectively. Fach lens module
includes a fixed aperture diaphragm 1 and an optical module,
whichincludes afirstlens .1, asecond lens L2, a third lens L3
and a fourth lens L.4. The diaphragm 1 and the optical module
are arranged from an object side A to an 1mage side B 1s a
sequence of: the first lens L1, the diaphragm 1, the second
lens 1.2, the third lens L3 and the fourth lens [ 4.

The first lens L1 has a concave surface on the image side B
and at least one aspheric surface. The second lens L2 has a
positive refractive power, a concave surface on the object side
A and at least one aspheric surface. The third lens L3 has a
meniscus shape, a negative refractive power, a concave sur-
face on the object side A and at least one aspheric surface. The
fourth lens 1.4 has a positive refractive power, a convex sur-
face on the object side A and at least one aspheric surface.

In the optical module composed of four lenses 1n accor-
dance to the system of the imnvention, a first plane glass 2 1s
disposed behind the fourth lens L4. The first plane glass 2 1s
inirared transparent. In addition, a second plane glass 3 is
installed before the 1image side B for providing an effect of
protecting an inirared sensor and used for infrared sensors of
different packages. Quantities of the first glass 2 and the
second glass 3 may be changed arbitrarily for providing a
better imaging quality. Also, the second glass 3 1s mirared
transparent. Further, the image side B refers to an inirared
SENSor.

Each lens 1s made by a plastic material or a glass matenial,
especially the first to the fourth lenses may all be plastic
lenses with aspheric surface(s). The plastic maternial allows
the lens to be shown 1n the structure with an aspheric surface,
and the lens 1s used as an aspheric lens for providing a higher
resolving power and reducing the number of lenses required
for the 1imaging process, so as to achieve a good detecting
quality for the infrared sensor.

In addition, the schematic views of the aberration of the
invention are non-point aberration, distorted aberration and
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spherical surface aberration as shown in FIG. 1A and FIG.
2A. Regardless of which aberration, the aberration relates to
a data of a line d, and the non-point aberration relates to the
data of an S 1mage plane (SAGITTAL) which 1s related to the
data of a T 1image plane (TANGENTIAL).

From the figures of the aberrations, the correction of the
aberration of the invention 1s obtained completely from a
simulated design, and thus there will be no problems in prac-
tical applications.

Refer to FIG. 1B, FIG. 1C, FIG. 2B, and FIG. 2C for the
data of aspheric surfaces 1n accordance with the first and
second preferred embodiments of the invention, the data dis-
played at the top are numerals representing each lens or
clement of the optical module of the mnvention.

The value of F. No. shows the parameter of brightness. The
smaller the value of F 1s, the higher the brightness 1s.

Viewing angle: 2m.

Focal Length {: 1 1s the overall focal length (imm) of the
optical module, and 1,2,3,4,5,6,7,8,9,10,11,12, 13 listed
below are numbers of lenses counting 1n a sequence starting,
from the object side; the surface numbers 1, 2 represent two
surfaces ol the first lens L1, the surface numbers 4, S represent
two surfaces of the second lens [.2, the surface numbers 6, 7
represent two surfaces of the third lens L3, the surface num-
bers 8, 9 represent two surfaces of the fourth lens .4, and 10,
11, 12, 13 represent two surifaces of the first plane glass 2 and
the second plane glass 3 respectively.

In the present invention, the focal length value 12 of the
second lens and the focal length value 13 of the third lens must
satisty the following relationship:

0.2<|R21//31<1

In the present invention, the focal length value 13 of the
third lens and the focal length value 14 of the fourth lens must
satisty the following relationship:

1.2<|f3/|f41<2.2

In the present invention, the overall focal length value 1234
of the second lens, the third lens and the fourth lens and the
tocal length value 1 of the whole lens module must satisty the
tollowing relationship:

12341/|f1<2

Also, the focal length value 1 of the whole lens module and
the distance TL between the first surface of the first lens and

an 1maging surtace must satisiy the following relationship:

0.1<|f/TLI<0.7

If the above relationship 1s not satisfied, the performance,

the resolving power and the yield rate of the lens module will
be decrease.

Since every lens of the lens module has at least one aspheric
surface, the shape of the aspheric surface must satisty the
condition of the following formula:

ch?

— L AR+ B + CHE + DR + ERYY  GRMY + .
1 +[1 =k + Dc2h2]™

L=

Where, z 1s a value of a reference position with respectto a
vertex of the surface along the optical axis and at a position
with a height h; k 1s a conic constant; ¢ 1s the reciprocal of a
radius of curvature; and A, B, C, D, E, G, . . . are coefficients
of high level aspheric surfaces.

In the single focus wide-angle lens module of the present
invention, the coordination of the first and second lenses and
the coordination of the third and fourth lenses enable the lens
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module to obtain wider viewing angle, 1.¢. the detecting angle
which has reached atleast 70 degrees and maintain the resolv-
ing power of the lens module as well.

In comparison to the conventional wide-angle lens module
having larger chief ray angle, the present invention has suc-
cessiully lowered the chief ray angle to approach O degree, so
as to meet the product installation requirements.

What 1s claimed 1s:

1. A single focus wide-angle lens module, comprising a
fixed aperture diaphragm, a first lens, a second lens, a third
lens and a fourth lens, arranged from an object side to an
image side 1n a sequence of:

the first lens, having a concave surface on the 1image side

and at least one aspheric surface;

the fixed aperture diaphragm;

the second lens, having a positive refractive power, a con-

cave surface on the object side and at least one aspheric
surface;

the third lens, having a meniscus shape, a negative refrac-

tive power, a concave surface on the object side and at
least one aspheric surface;

the fourth lens, having a positive refractive power, a convex

surface on the object side and at least one aspheric sur-
face:
wherein 1.2<[13/1141<2.2, and 13 1s a focal length value of the
third lens, 14 1s a focal length value of the fourth lens.

2. A single focus wide-angle lens module, comprising a
fixed aperture diaphragm a first lens, a second lens a third lens
and a fourth lens, arranged from an object side to an 1image
side 1n a sequence of:

the first lens, having a concave surface on the image side

and at least one aspheric surface;

the fixed aperture diaphragm;

the second lens, having a positive refractive power, a con-

cave surface on the object side and at least one aspheric
surface:

the third lens, having a meniscus shape a negative refrac-

tive power, a concave surface on the object side and at
least one aspheric surface;

the fourth lens, having a positive refractive power, a convex

surface on the object side and at least one aspheric sur-
face;
wherein [12341/11]1<2, and 1234 1s an overall focal length value
of the second lens, the third lens and the fourth lens, f1s a focal
length value of the whole lens module.
3. A single focus wide-angle lens module,
comprising a fixed aperture diaphragm, a first lens, a sec-
ond lens, a third lens and a fourth lens, arranged from an
object side to an 1image side 1n a sequence of:

the first lens, having a concave surface on the 1image side

and at least one aspheric surface;

the fixed aperture diaphragm;

the second lens, having a positive refractive power, a con-

cave surface on the object side and at least one aspheric
surface:;

the third lens, having a meniscus shape, a negative refrac-

tive power, a concave surface on the object side and at
least one aspheric surtace;

the fourth lens, having a positive refractive power, a convex

surface on the object side and at least one aspheric sur-
face;
wherein 0.2<[121/1131<1, and 12 1s a focal length value of the
second lens, 13 1s a focal length value of the third lens.

4. The lens module of claim 3, wherein 0.1<|{/TL<0.7, and
f 1s a focal length value of the whole lens module, TL 1s the
distance between a first surface of the first lens and an 1mag-
ing surface.
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5. The lens module of claim 3, wherein each of the aspheric 8. The lens module of claim 7, wherein 0.1<|{/TL[<0.7, and
surfaces 1s 1n a shape satistying a formula of: f 1s a focal length value of the whole lens module, TL 1s the
distance between a first surface of the first lens and an 1mag-
ing surface.
ch* b e e 0 s " 5 9. The lens module of claim 8, wherein each of the aspheric
7= +AR+ B+ Ch +Dh "+ Eh -+ Gh™ + ... . . : :
1 +[1 = (k + 1)c2h2]03 surfaces 1s 1n a shape satisfying a formula of:

and z 1s a value of a reference position with respect to a vertex

of the surface along the optical axis and at a position with a o = ch’ — + Al* + BR® + Ch® + DR' + En'* + Gh' + ...

height h; k 1s a conic constant; ¢ 1s the reciprocal of a radius of L+ [1 =k + 1)c2h?]

curvature; and A, B, C, D, E, G . . . are coelficients of high

level aspheric surfaces. _ . and z 1s a value of a reference position with respect to a vertex
6. Th_e lens module of claim 3, wher.em 1-2<|f3|{ 14]<2.2, of the surface along the optical axis and at a position with a

and 13 1s a focal length value of the third lens, 14 1s a focal .5 heighth; k1s a conic constant; ¢ 1s the reciprocal of a radius of

length value of the fourth lens. curvature; and A, B, C, D, E, G . . . are coefficients of high

7. The lens module of claim 6, wherein 112341/111<2, and

1234 1s an overall focal length value of the second lens, the
third lens and the fourth lens, 1 1s a focal length value of the
whole lens module. S I T

level aspheric surfaces.
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